Sufficient delineation of differences in density is often not achieved by standard x-ray cinematographic technic. As a result, when cineventriculography is used to study the shape and motion of the left ventricle, its free wall is often defined imprecisely, if at all. This problem has been overcome by utilization of a special color-coded, triple-emulsion cine film in place of the usual black and white film. The resulting photographic images permitted analysis of wall dynamics and measurement of wall thickness in different planes of the heart. Thickening of the normal wall during systole averaged between 70 and 106%, but with inconsistent nonuniform regional changes within this range. In the diseased left ventricle with localized areas of paradoxical expansion, markedly reduced if any thickening of the wall occurred during systole. 
applied to cineventriculography enhances definition of the left ventricular free wall; (2) to describe the use of this technic for recording dynamic changes in the free wall of normal as well as abnormal ventricles; and (3) to report data obtained with this technic.
Photographic Technic
The established ventriculographic technic employed in the Cardiovascular Unit of the Peter Bent Brigham Hospital utilizes a 9 by 6-inch standard GE fluoricon image-intensifier system in the 9-inch mode with a 16-mm camera at 60 frames/sec. A combination of factors has been empirically derived to produce the best definition of cavity and wall on standard black and white film. Specifically, under standard conditions, ventriculograms are exposed on Il- ford Pan F film with the lens at f/2.4 and developed in Phenisol at 20 C for 5,12 minutes. An average ventriculographic frame produced under these conditions was scanned with a microphotometer from the lung to the opacified ventricular cavity area.
The resulting plot of optical density versus distance ( fig. 1) shows the data obtained from use of this technic. Relative to the density of the dye-filled cavity image, the densities of the lung and wall areas are quite close to one another. These densities were then converted to relative exposures through the H & D curve* of the photographic material ( fig. 2 ). The photometry indicates a log-relative exposure difference between the wall and lung of 0.10 which is equal to 1/3 of an f/stop. This is very small compared to the difference between the lung and cavity which was almost 2 f/stops.
The film used in this study was an extended luminance-range multi-layered film, XR, developed by Mr. Charles W. Wyckoff.t 1 2 This film was initially developed for use in situiations that are in the range of extreme brightness, in particular, for recording atmospheric nuclear explosions. Figure 3 shows a c'ross section of XR film. The material is built of three black and white panchromatically sensitized photographic emulsions layered on top of one another. The top layer is a high-speed film, the middle layer is slowv speed, and the bottom layer is extremely slow speed. The ASA ratings (American Standards Association ratings) from top to bottom are 400, 10, and 0.004. Incorporated into each of the three layers are color-forming couplers which react upon development to form a dye image along with the silver image in each of the three layers. These dye images are left within the film while the silver images are removed by chemical bleaching. After processing, therefore, images formed in the high-speed layer are colored magenta; those in the slow layer are cyan; and those in the extremely slow layer are yellow. The exposing conditions for XR film were the same as for black and white material except that the aperture of the lens wvas opened to f/ 1.2.
Differentiation of Wall and Lung The color coding of different luminance values by XR film allows the clear separation of the ventriciular wall and lung ( fig. 4) The standard black and white ventriculogram allows some definition of the ventricular wall. This is usually inadequately appreciated when cine motion is stopped and data reduction of the silhouette is performed frame by frame. With XR film, the color image is a built-in differentiator. A primary reason for this is that for large area contours, as opposed to fine detail, the eye can distinguish approximately 1,000 different colors, whereas the monochromatic intensity changes distinguishable number about 100.3 4 Technic of Ventriculographic Analysis Ventriculograms were recorded in the frontal projection with power injection directly into the left ventricle (LV). In one patient (C. L.), the dye was introduced into the LV via a right heart catheter passed through a patent foramen Circulation, Volume XXXIX, April 1969 ovale. Pulmonary artery injection rarely provided adequate LV filling and did not permit adequate visualization of the aortic valve due to the opacified left atrium and pulmonary veins. During each study there was simultaneous monitoring of ECG and LV or brachial arterial pressures. With one exception (L. M.), only those studies in which there was sinus rhythm throughout were selected for analysis. The magnification of the cine projector was adjusted to project actual ventricular size on the basis of the known catheter diameter. Each ventriculogram was traced frame by frame from end diastole to end systole, including as much of the free wall as was clearly visualized. Care was taken to include the outermost margin of the dye image within the cavity. In all cases in this study, it was possible to differentiate the outer margins of the papillary muscle from the endocardial surface in end systole by the presence of small amounts of dye between the two. In most of the ventricular silhouettes, the entire outline of the papillary muscles was drawn in the original tracings. Volume was calculated by the area length method.5 A negligible error was introduced by spherical aberration or errors due to nonparallel x-ray beams. In our system these have been previously shown to be less than 10% at the periphery of the field and within 5% on approaching the center of the field. Wherever possible, measurements were made according to the method illustrated in figure 6 . The major axis was divided into four equal segments, and three minor axes were constructed perpendicular to the major axis. These axes demarcated three segments of free wall whose areas were planimetered: A, B, and C. Division of each area by either a straight length, as in A and B, or by a curvilinear length, as in C, yielded the mean thickness of the wall for each area. In cases in which it was not possible to visualize the mass around the apex, a 3-cm area of wall at the intersection of the minor axis with the wall was planimetered, and the average thickness of the wall was determined. Wall thickness was plotted versus time in each case.
Results
Group 1: The Normal Ventricle (Table 1) This group is composed of the ventriculograms of six subjects referred for chest pain who had normal coronary arteriograms, normal hemodynamics ( wall thicknesses was possible in two patients who were in sinus rhythm. The measured average end-diastolic wall thickness ranged from 0.82 to 1.0 cm. Measured average end-systolic wall thickness ranged from 1.43 to 2.0 cm. The percentage increase in measured average wall thickness during systole was 70% to 106%. There was no consistent pattern in the two ventriculograms analyzed for changes in regional wall thickness. In one subject (E. H.), the end-diastolic wall thickness was greater in the midwall periapical area (regions B and C). Percentage changes in wall thickness increased from the periapical to peribasal areas. In the other patient (F. R.), the enddiastolic wall was thinnest at the apex and thickest at the base. During systole, the apex thickened slightly more than the other two areas. The data on this patient are summarized in figure 6 . Volume versus mean wall thickness for this same patient is plotted in figure 7 . The wall thickened only slightly during the initial phases of auxotonic systole; this was observed consistently among this group of patients. Segmental wall thickness analysis. The diagram shows the major axis divided into four equal segments which demarcate three wall areas: A, B, and C. The percentage change in wall thickness in a normal ventricle from end diastole to end systole is indicated.
thickness, expressed in percentage change from the end-diastolic measurements. The three regions differ widely in percent of thickening at any instant in time.
The time of changes in regional wall thickness, normalized for percentage changes in end-diastolic values during a post-extrasystolic beat in a normal heart, is shown in figure 9 . In this beat (L. M.; table 1), the pattem of thickening is similar to that in a normal sinus beat. However, the magnitude of the changes in thickness is markedly greater in the post-extrasystolic beat. Volume versus mean free wall thickness during systole. Despite early decrease in volume, the free wall thickens comparatively slowly during the early phase of auxotonic systole. . Changes in regional wall thickness in one subject (U. B.) with three-vessel coronary arterial disease, are shown in figure 11 and table 2. There is early and rapid thickening of the peribasal wall area (hA) with initial paradoxical systolic expansion of the periapical region (hc). The greatest increase in wall thickness is observed in area A, 58%, and the least, at the apex, area C, 23%. A graph of the minor axis SC drawn to area C, ( fig. 12) shows initial paradoxical expansion of the periapical cavity concomitant Wall thickness and intracavitary segmental changes in region C during systole in a subject with threevessel coronary arterial disease. S. bisects and is perpendicular to that segment of the long axis which defines wall region C. There is initial paradoxical expansion of the periapical cavity concomitant with thinning of the wall. 
